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Three-dimensional Numerical Modeling of Fluid Flow and
Heat Transfer in Continuously Cast Billets

Sung-Yoon Lee, Sang-Mok Lee, Joong-Kil Park*, and Chun-Pyo Hong

Abstract

A three-dimensional model was developed in order to simulate heat and fluid flow of a continuous casting billet. The model
was coded with the general-purpose CFD program FIDAP, using the finite element method. The present model consists of 2
individual calculation schemes, named model 1 and model 2. Mold region only was calculated to check the pouring stream
through submerged nozzle with model 1. Entire region, which consists of mold, secondary cooling, radiation cooling was cal-
culated to predict crater end position, temperature profile and solid shell profile(model 2). Standard k-*A turbulence model has
been applied to simulate the turbulent flow induced by submerged nozzle. Enthalpy method was adopted for the latent heat of
solidification. Fluid flow in mushy zone was treated using variable viscosity approach. The more casting speed and superheat
increased, the more metallurgical length increased. The shell thickness at the mold exit is proved to be mainly controlled by
superheat by the present simulation. It may be concluded that the present model can be successfully applied for the prediction
of heat and fluid flow behavior in the continuous casting process.
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Fig. 1. Schematic diagram of the continuous caster.
Table 1. Summary of physical models
) ) Calculation
Nozzle Dimension )
Region

Model 1 including nozzle 3-Dimensional mold region only

entire region of

Model 2 the casting

withoutnozzle 3-Dimensional
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Fig. 6. Solid shell thicknesses in the casting direction with the
casting speed of 1.8 m/min. (SWRH62A)
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Fig. 9. Solid shell thicknesses as a function of casting speed.
(SWRH62A)

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Distance from meniscus (cm)

Fig. 10. Solid shell thicknesses as a function of superheat with
the casting speed of 1.8 m/min. (SWRH62A)

Table 2. Average reduction ratio of solid shell thickness with the variation of casting speed for the case of SWRH62A

o ot T 6mmin  ASmmn  20mmin  MPEReOn Aol
12m ] 4.15 cm 3.66 cm 331 cm 0.42 cm/(0.2 m/min)
14m 5.06 cm 4.43 cm 3.94 cm 0.56 cm/(0.2 m/min)
16m 6.21 cm 522 cm 4.61cm 0.80 cm/(0.2 m/min)

(14)
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Table 3. Average reduction ratio of solid shell thickness with the variation of superheat with the casting speed of 1.8m/min.

(SWRH62A)
m 0 40 60 average reducti9n ratio of solid
distance from menisc shell thickness
12m ] 3.66 cm 342cm 3.17 cm 0.24cm/(20)
14 m 443 cm 4.16 cm 3.87cm 0.28cm/(20)
16 m 522cm 4.91 cm 4.61 cm 0.30cm/(20)
8 Fig. 113} Table 4ol M= U3 (1.8 m/min)}
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Fig. 11. Solid shell thicknesses of various steels with the casting o gEAC FIAE A TEUTE 9% FESE,
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Table 4. Average reduction ratio of solid shell thickness for various steels with casting speed of 1.8 m/min. (AT=20°C)

steel grade average reduction ratio of solid
m 0.62 wt.%C 0.67 wt.%C 0.72 wt.%C shell thickness

12m 5.26 cm 5.18cm 5.03 cm 0.12cm/(0.05wt.%C)
14 m 5.65 cm 5.58 cm 543 cm 0.11cm/(0.05wt.%C)
16 m 6.03 cm 592cm 5.79 cm 0.12cm/(0.05wt. %C)

Table 5. Calculated metallurgical length as a function of casting parameters

steel grade superheat casting speed metallurgical length (m)
(Wt%C) (°C) (m/min) (f=1.0)

1.6 16.9

variation of casting speed 0.62 20 1.8 18.9
20 20.9

20 189

variation of superheat 0.62 40 1.8 19.9
60 20.9

0.62 18.9

variation of carbon content 0.67 20 1.8 19.4

0.72 19.9

(15)
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